No direct evidence that genetically modified (GM) food may represent a possible danger for health has been reported so far; however, the scientific literature in this field is quite poor. Therefore, we investigated the possible effects of a diet containing GM soybean on mouse exocrine pancreas by means of ultrastructural, morphometrical and immunocytochemical analyses. Our observations demonstrate that, although no structural modification occurs in pancreatic acinar cells of mice fed on GM soybean, quantitative changes of some cellular constituents take place in comparison to control animals. In particular, a diet containing significant amount of GM food seems to influence the zymogen synthesis and processing.
Introduction
Genetically modified (GM) crops, in which new genes have been inserted into the original genome, are nowadays distributed all over the world. No direct evidence that GM food may represent a possible danger for health has been reported so far; however, the scientific literature in this field is quite poor and heterogeneous.
Nutritional evaluations of GM crops have been carried out (Edwards et al. 2000) , and the potential problems related to the introduction of GM food in animal and human diets, such as antibiotic resistance, allergenity and food safety, have been discussed (see review in Halford & Shewry, 2000) . Some authors have investigated the fate of ingested foreign DNA (Schubbert et al. 1994 (Schubbert et al. , 1997 (Schubbert et al. , 1998 , demonstrating that it can enter the bloodstream and various organs; others have studied the optimal conditions to ensure sufficient DNA fragmentation to a size where it would be unlikely to be stably transferred to host cells (Chiter et al. 2000) . Finally, in a controversial report, Ewen & Pustzai (1999) described changes in the gastrointestinal tract of rats fed on GM potatoes. In the light of this, we decided to analyse some of the possible effects of a diet containing GM plants.
Exocrine pancreatic function is required for the processing of food by the body. Pancreatic acinar cells have a particular role in the synthesis, storage and regulated secretion of the different digestive enzymes present in pancreatic juice. Extensive information exists on the effects of diet and pancreatic secretagogues on acinar cell components (e.g. Ermak & Rothman, 1981; Bendayan et al. 1985; Aughsteen & Cope, 1987; Grégoire & Bendayan, 1987; Malatesta et al. 1998 ).
However, no data are available about the possible effects of GM food on pancreatic activity.
In the present study, we investigated the possible effects of a diet containing GM soybean on mouse exocrine pancreas. We have examined the pancreatic acinar cells of control and GM soybean-fed mice at the electron microscopic level and further evaluated these cells by means of morphometrical and immunocytochemical analyses.
Materials and methods
Twelve female Swiss mice were fed ad libitum on a standard laboratory chow (Mulino & Frantoio del Trasimeno, Castiglione del Lago, PG, Italy) containing 14% GM soybean (Padgette et al. 1995) ; in parallel, 12 (control) mice were fed on the same diet with wild soybean. Both animal groups started their respective diets at weaning. The animals were weighed and then killed by cervical dislocation at 1, 2, 5 or 8 months of age.
Samples of pancreas were fixed with 2.5% glutaraldehyde and 2% paraformaldehyde in 0. Blood samples, also collected at the time of death, were analysed both for α -amylase as described above and for insulin by radioimmunoassay, using a kit with a sensitivity of 1 µ IU mL − 1 (BioChem ImmunoSystem Italia s.p.a., Casalecchio di Reno, Bo, Italy). Statistical comparisons were performed by the non-parametric
Mann-Whitney U -test and the significance level was set at P ≤ 0.05.
In order to investigate the presence in the two diets of the soybean trypsin inhibitor, a protein known to stimulate pancreatic α -amylase secretion (reviews in Gallaher & Schneeman, 1984; Birt, 2001) , its presence was assessed spectrophotometrically (UV-VIS DU 640 spectrophotometer, Beckman Coulter, Inc.) by measuring at 405 nm the absorbance variation of the chromogen substrate BApNA (Kassel, 1981) .
Results
Body weight of mice at the time of death ranged from 26 to 38 g, without significant differences between control and GM soybean-fed animals; moreover, no macroscopic modifications of pancreatic gland was observed.
In all mice the pancreatic acinar cells showed the typical aspect of secretory polarized cells ( The mean ( ± SE) values of the variables analysed in control and GM soybean-fed mice are shown in Table 1 .
Briefly, all variables analysed showed statistical significance for the complete model; however, cell and cytoplasm areas were smaller in young than in mature mice thus indicating that the differences were related to the age factor only, whereas nuclear area, N/C ratio, total zymogen area and zymogen percentage displayed differences related to the age as well as to the age-food interaction term. Finally, zymogen granule area was always smaller in GM soybean-fed mice with respect to controls and the statistical significance was related to age, food and interaction term age-food.
In pancreatic acinar cells of all mice, labelling with anti-α -amylase antibody (Fig. 2) was distributed over the RER, Golgi area and zymogen granules. Mitochondria and nuclei appeared devoid of gold grains. The results of the labelling density evaluation are given in Table 2 . In summary, RER, Golgi complex and zymogen granules generally showed lower labelling densities in GM soybean-fed mice than in control animals, and the statistical significance was due to both age and food factors. However, in 1-month-old animals such differences were less marked. Because the labelling over the mitochondria was constant and significantly lower than that found in the other cellular compartments measured, it was considered as background.
The Jonckheere test demonstrated a significant increase in labelling density from the RER to the Golgi complex to the zymogen granules in all groups considered ( P < 0.05).
The biochemical evaluation of α -amylase in pancreatic tissue (Table 3) confirmed the lower enzyme content in GM soybean-fed mice than in controls, with the exception of 1-month-old animals. On the other hand, serum levels were similar in all animals (Table 3 ).
Blood insulin levels (mean values ± SD) were 20.67 ± 3.45 µ IU mL − 1 for control mice vs. 21.08 ± 3.99 µ IU mL
for GM soybean-fed mice, without significant differences between the two animal groups.
Finally, soybean trypsin inhibitor activity was similar in the two diets.
Discussion
Our observations demonstrate that, although no structural modification occurs in pancreatic acinar cells of mice fed on GM soybean, quantitative changes of some cellular constituents take place in comparison with control animals. Cellular, nuclear and cytoplasmic areas as well as N/C ratio change in relation to the age only, probably because of the postnatal development of pancreatic acinar cells (Taga et al. 1998 ).
On the other hand, zymogen seems to be influenced by food also. The zymogen content -both total zymogen area and the percentage of cytoplasmic area occupied by zymogen -varies in relation to the age and to the agefood interaction. In particular, in 1-month-old mice the zymogen is less abundant in GM soybean-fed than in control animals, while, subsequently, the differences become negligible, probably because of the functional maturation of pancreatic acinar cells (review in Githens, 1990 It has been reported that the zymogen granule size differs according to the secretory activity of the cell, the stimulation of secretion inducing a decrease in size of the newly formed granules (Ermak & Rothman, 1981; Bendayan et al. 1985; Aughsteen & Cope, 1987) .
It could therefore be hypothesized that GM soybean-fed mice are characterized by a higher synthetic rate of zymogen granules containing lower amounts of α-amylase in comparison to control animals. The lower α-amylase content found in 1-month-old mice in comparison to older animals is probably due to the postnatal functional maturation (Githens, 1990) ; but our data indicate that the reduction in α-amylase synthesis and secretion is related to GM food at all ages considered.
A similar decrease in α-amylase over RER, Golgi complex and zymogen granules has been observed under starvation conditions (Bendayan et al. 1985) ; however, our animals always had free access to food and water.
Alternatively, a significant reduction in α-amylase in pancreatic acinar cells has been reported, together with an altered gradient along the secretory pathway, under diabetic conditions (Grégoire & Bendayan, 1987) . It is in fact known that insulin plays a key role in the regulation of α-amylase synthesis (Korc et al. 1981 ).
However, in our animals an increased gradient of labelling intensity from the RER through the Golgi complex and to the zymogen granules was always found, thus indicating that no alteration of the protein concentration process along the secretory pathway takes place (Palade, 1975) . Moreover, insulin levels do not differ significantly between control and GM soybean-fed mice. A further hypothesis could be based on the dietary regulation of pancreatic activity. It is in fact known that dietary substrates alter the synthesis of their respective digestive enzymes through not well understood mechanisms (e.g. Brannon, 1990) , which probably involve also the intestinal microflora (Lhoste et al. 1996) .
However, the levels of soybean trypsin inhibitor, a wellknown protein able to increase pancreatic α-amylase secretion (reviews in Gallaher & Schneeman, 1984; Birt, 2001 ) and therefore the major candidate to explain the differences found in our animals, are similar in control and GM-containing food.
In conclusion, a diet containing significant amounts of GM food seems to influence the zymogen synthesis and processing in mouse pancreatic acinar cells. The reasons leading to these modifications remain unknown and further investigations are needed to understand this phenomenon.
